A charge is considered which passes off-axis through a cylindrical resonator with two semi-infinite beam pipes.
Introduction
The present paper treats analytically the passage of a point charge passing off-axis through a cylindrical resonator with semi-infinite beam pipes ( Fig. 1 ).
Depending on the dimensions the resonator either represents an RF cavity, one undulation of a bellows, or a vacuum flange gap.
Considerable effort has already been put into the solution of this problem.
Most papers deal with closed cylindrical resonators where a complete set of eigenmodes allows for a relatively simple solution. In the case of a resonator with beam pipes the energy loss has been calculated for an axis-symmetric excitation either by estimating the radiation into the pipes1 or by applying a high-frequency diffraction solution.2
A class of problems related in some way are the infinite periodic structures.
Here the Floquet theorem permits the decomposition of the fields in space-harmonics thus easing either the field matching3 or the fulfilment of the boundary conditions on a smooth guide4'5.
All these methods suffer from quite strong restrictions, especially those for the infinite periodic structures which do not give the radiation loss along the pipe.
Certainly the most versatile tool is a purely numerical method6 if one is looking for a specific result. But on the other hand it does not allow approximate solutions or general parameter dependences to be found.
Thus In the resonator region, limited to -g < z < g, the eigenvalues in z direction are fixed and hence a discrete set of modes is obtained.
Cylindrical coordinates p, ¢, z are used and all fields are proportional to exp(iwt) which is omitted throughout the paper. In region I no boundary conditions exist. region is unbound in z direction and in p direct the fields are unknown at p = a.
The only requi ment is regularity at p = 0, i.e. C = 0. So one to sum over all radial (K) (6) . 
Wake potent i al s are def i ned as the i ntegrated force acting on a probing particle at position p = r2, = 42, z = CO(t-T) The wake potentials [equations (12) Fig. 3 the transverse, m = 1, impedance of a very small cavity is depicted. This cavity corresponds to one undulation of an RF bellows with dimensions used in [5] . Now, the pipe cut-off is kca = 1.841 where the impedance becomes complex onwards. At koa = 1.97 and 3.8 resonances occur.
In the same graph results from [5] are shown. Taking into account the different geometry (smooth sinusoidal) both results agree well for low frequencies. But for higher frequencies the infinite periodic approach has neither the same cut-off nor the resonance behaviour. 
